Mortality rates from cancer of different parts of the body vary from one locality to another. Stocks (1947) discussed some of these geographical differences and showed that the mortality rates for different body sites varied, to some extent, independently. He reported statistically significant correlations between some of the site mortality rates recorded in a group of thirty large towns; between some of these site mortality rates and rates of mortality from other diseases; and between some of the cancer mortality rates and various indicators of ' social conditions' in these towns. The results suggested that a study of the correlations between all possible pairs of specific body site mortality rates for which data were available might lead to interesting results. It was thought that some method of Factor Analysis could be used for this purpose, in order to discover how far the geographical incidences of the site mortalities were statistically independent.
The data available are reproduced in the Appendix. They consist of estimated average rates of mortality from cancer of ten body sites per 1,000,000 male inhabitants aged 45 to 64, in thirty large towns from 1921 to 1930; and of similar rates for eight body sites among females. The two groups of site mortality rates were treated independently throughout the study. Each group contains a number of specific rates and one residual rate of mortality from cancer of ' all other sites'. The residual rate accounted, on the average, for 29 % of the male and 21 % of the female cancer mortality in the thirty towns. Table 1 shows the correlation coefficients observed between all possible pairs of mortality rates in each group. Those coefficients which may be regarded as statistically significant are printed in heavy type.
The two correlation matrices were subjected to a process of Factor Analysis. The aims and methods of Factor Analysis are described in a number of works, including Thomson (1939 ), Holzinger & Harman (1941 and Thurstone (1947) . The general aim is to determine whether the co-variation observed in a fairly large number of series of observations can be plausibly represented as reflecting the operation of a smaller number of 'Factors'. In this case, the Factors would be interpreted as independent ' causes' of cancer. The method of analysis used here is Hotelling's method of Principal Components (Hotelling, 1933) . It was found that, in both matrices, the first four Principal Components accounted for about three-quarters of the variance of the matrix (unit correlation coefficients being inserted in the leading diagonal); the combined share of the remaining latent roots in the total variance is 30 % for the male matrix and 23 % for the female matrix. The fourth latent root accounted for about 10 % of the variance in each case, and no one of the six latent roots in the male matrix which remained uncalculated, or correlation matrices were generated by ten and eight mortality rates respectively, the greater part of the variance of these matrices could be represented as the contribution of only four 'Factors'.* At the same time, the fact that the first Principal Component accounts for only 26 % of the variance in the male correlation matrix and 30 % in the female matrix, suggests a high degree of independence among the original death-rates. We are, in other words, not confronted with a situation like that which appears to arise frequently in psychological investigations, in which the observed scores in very large batteries of tests can be closely reproduced by a very small number of Factors. Table 2 shows the loadings of the four Factors in the various mortality rates for the two sexes. The loadings represent the correlation between each mortality rate and each Factor. The estimated numerical value of each Factor, expressed in standard units, in the thirty towns is shown in Table 3 . The next step should be to identify the Factors with some other series of figures representing the strength of relevant influences in the thirty towns. Inspection of Table 2 (a) shows that the operation of the first male Factor (Mj) is manifested in high rates of mortality from cancer of the larynx, oesophagus, stomach and tongue. (The very high loading for ' all other sites' is not meaningful in the absence of a precise definition of the contents of this residual.) Small negative correlations with the rectum and bladder mortality rates are shown. The second male Factor (M t ) may be identified as a 'bladder-rectum' Factor. A rather large negative correlation with the stomach mortality rate is noticeable. M x and M z are in this respect clearly distinguishable. The third male Factor (M 3 ) has even more clearly a specifically 'colon' manifestation, while M i has rather less clearly a 'lung' effect and is negatively correlated with the tongue mortality rate. Among the female Factors, the first (F ± ) shows itself very clearly in the stomach mortality rate, and
is almost equally strongly, but negatively, correlated with the breast and ovary rates. The second Factor (F 2 ) shows a strong positive correlation with the colon rate and a negative correlation of comparable size with the rectum rate. The third female Factor {F 3 ) is of limited interest, as it appears to operate mainly through the indefinite 'other sites' rate. The fourth female Factor (F t ) is identifiable mainly with the uterus mortahty rate. The relations between the strength of the various male and female Factors in the thirty towns were investigated, by estimating the correlations between them. The results are shown in Table 4 . It will be seen that most of the correlation coefficients in this table are statistically insignificant. Significant values were found for the correlations between F 2 (the female 'colon-rectum'* Factor) and M 3 (the male' colon' Factor); and between F 3 (the female ' other sites' Factor) and M% (the male 'rectum-bladder' Factor). A near significant negative value was found for the correlation between F x (female ' stom&ch-breast-ovary' Factor) and M 2 , and a positive value for the correlation between F x and M t (male ' larynx-oesophagusstomach-tongue' Factor).
Finally, the values of the eight Factors were correlated with an 'index of social conditions' in the thirty towns, the numerical value of which increases as 'social conditions' become increasingly adverse. The index used was described by Buckatzsch (1946) , and reasons have been suggested for preferring it to alternative measures of 'social conditions' (Buckatzsch, 1947) . The values of the correlation coefficients are shown in Table 4 . Significant positive correlations were found between the index of social conditions and both M 1 and F 1 ; a significant negative correlation was found between the index and M 2 .
The results of this experimental Factor Analysis of cancer mortality are not conclusive. They do, however, suggest lines of further research. In the first place, additional information as to the inter-local variations in the site mortahty rates might be sought by increasing the number of towns included in the analysis, and by making a similar study of more recent experience. In the second place, the male and female residual rates should be further analysed, since they show high correlations with one or other of the first four Principal Components of their * The mortality rates for the sites named in italics are negatively correlated with the Factors concerned. respective correlation matrices. Thirdly, a more thorough attempt might be made to identify the Factors (by correlation methods) with other relevant influences.
The high correlation between the index of social conditions and the first female Factor and the appreciably lower, but still significant, correlation between the index and the first male Factor, may be regarded as establishing such an identification for these Factors. The association of the mortality rates from cancer of the larynx, oesophagus, stomach and tongue with ' adverse social conditions' and the association of cancer of the breast and ovaries with ' good' conditions has long been recognized (Registrar-General, 1936) . The analysis serves only as confirmation. It is still, however, not possible to distinguish statistically between the respective influences exerted on mortality rates by the various components of the ' adverse social conditions' of the inter-war period (Buckatzsch, 1947) .
The indication of a specific ' colon' Factor (F 2 , M s ) in both the female and male matrices is good evidence of its real existence; from Table 3 it would appear that the aetiological agents concerned were strongly present in Huddersfield, Blackburn, Leeds, Stockport and Sunderland and were deficient in Cardiff, Swansea, Southampton, Derby and Liverpool.
The divergence between the Factor loadings for the mortality rates from cancer of the colon and from cancer of the rectum could be considered to indicate that there was diagnostic confusion between the diseases, and that the ' colon' Factor was nothing more than a greater tendency to classify cancers of the large bowel as cancers of the colon. It is, however, not unreasonable to believe that the aetiological agents concerned in the production of cancer of the colon and of cancer of the rectum are different, and supporting evidence for this is found in their different sex ratios.
It is tempting to suggest that the fourth male Factor, with a positive loading in the lung mortality rate and a negative loading in the tongue rate, might be identified with the proportion of tobacco smoked as cigarettes against that smoked in pipes.. It is notable that the analysis confirmed the lack of aetiological association between cancer of the lung and cancer of the larynx (Kennaway & Kennaway, 1951) , an association which it would be natural to expect. In this case it is not reasonable to postulate any diagnostic confusion between the sites. SUMMARY A Factor Analysis has been made of the co-variation between the mortality rates from cancer of ten male body sites and of eight female body sites, in thirty large towns in England and Wales from 1921 to 1930. The method of analysis adopted is Hotelling's method of Principal Components.
Four male and four female Factors are obtained, which together account for approximately three-quarters of the total variance.
A Factor is found to be associated with cancer of the larynx, oesophagus, stomach and tongue in men and with cancer of the stomach and negatively with cancer of the breast and ovaries in women. In both sexes, the Factors are associated with an index of adverse social conditions.
J O H N BTTCKATZSCH AND R I C H A B D D O L L
Another Factor is found to be associated with cancer of the rectum and bladder in men and this Factor is associated with good social conditions.
A special Factor associated with cancer of the colon is unrelated to the mortality from cancer of other sites, save that in women it is negatively associated with cancer of the rectum.
A Factor for cancer of the lung in men is unrelated to cancer of the larynx, and is inversely related to cancer of the tongue.
